I. INTRODUCTION
There is an increasing interest in the detailed spectroscopic study of the nuclei in the transfermium mass region (Z ∼ 100) from the very beginning of this century (see reviews refs. [1] [2] [3] and references therein). Now rich experimental spectroscopic data have been reported in these nuclei for both of the ground and isomeric states, which provide useful informations to test and constrain theoretical models. Among these, the highest-Z isotopes in which the rotational bands being observed is rutherfordium [4] [5] [6] . Besides the significance to understand the structure and reaction properties of these heavy nuclei, there is a hope that the single-particle studies of the transfermium nuclei could lead to a more reliable prediction of the location of the island of spherical superheavy nuclei. A particular attentions have been paid to the odd-mass nuclei. Part of the attraction comes from the fact that odd-mass nuclei can provide an additional fingerprint through the Nilsson configuration assignment to the rotational band. While the rotational spectroscopic data of odd-neutron transfermium nuclei are increasing slowly (taking refs. [4, [6] [7] [8] [9] [10] [11] [12] for example.), observations in odd-proton transfermium nuclei are rare. Particularly, the rotational bands up to high spin have been observed only in 251 Md and 255 Lr, namely the one-quasiparticle band built on the [14] . In addition, there are two reports of the discovery of the high-K isomeric states in 255 Lr in refs. [15, 16] . The proton states in 255 Lr is still open. Further theoretical investigation would be required to address this problem.
Systematic theoretical investigations have been performed both within the microscopicmacroscopic models [17] [18] [19] [20] [21] [22] [23] [24] [25] and self-consistent approaches [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Comparing to the constantly emerging theoretical investigations on the even-even nuclei, detailed studies of the properties of odd-mass nuclei only appear occasionally. The situation is even worse for 2 odd-proton nuclei on which only a few theoretical investigations [38] [39] [40] [41] performed so far.
Ref. [39] is the first PNC-CSM study of the transfermium nuclei, in which the proton N = 7 major shell was included to discuss the single-particle and rotational properties of the odd- III for the present deformation parameters situation in this mass region. Now under the condition that numerous theoretical studies aimed at modelling the experimental data so as to make the calculations of the heavier nuclei as reliable as possible, especially with the new set of Nilsson parameters κ and µ obtained by fitting the experimental band head energies in more than 30 odd−A nuclei with Z ∼ 100 within the frame work of PNC-CSM method [23, 24] , to study the rotational properties of heavier nuclei, like 255 Lr and to check the effect of the high-j orbital and its deformation dependence are essential.
In the present work, PNC-CSM method is used to study the single-particle and rotational properties of the odd-proton nucleus 255 Lr. The PNC-CSM method is proposed to treat properly the pairing correlations and blocking effects. It has been applied successfully for describing the properties of normal deformed nuclei in A ∼ 170 mass region [47] [48] [49] [50] [51] [52] , superdeformed nuclei in A ∼ 150, 190 mass region [53] [54] [55] [56] [57] [58] [59] , high-K isomeric states in the rare-earth and actinide mass region [60] [61] [62] [63] [64] [65] [66] and recently in the heaviest actinides and light superheavy nuclei around Z ∼ 100 region [23, 24, 39, 67] . In contrast to the conventional Bardeen-Cooper-Schrieffer (BCS) or HFB approach, the Hamiltonian is diagonalized directly in a truncated Fock space in the PNC method [68, 69] . Therefore, particle number is conserved and Pauli blocking effects are taken into account exactly.
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II. THEORETICAL FORMALISM
The details of the PNC-CSM method can be found in refs. [47, 68, 69] . For convenience, we give briefly the related formalism here. The cranked shell model hamiltonian of an axially symmetric nucleus in the rotating frame is expressed as:
where h Nil is the Nilsson Hamiltonian [70, 71] , −ωj x is the Coriolis force with the cranking frequency ω about the x axis (perpendicular to the nuclear symmetry z axis). H P is the pairing including monopole and quadrupole pairing correlations,
with ξ and η being the time-reversal states of the Nilsson state ξ and η, respectively. The quantity q 2 (ξ) = 16π/5 ξ| r 2 Y 20 |ξ is the diagonal element of the stretched quadrupole operator, and G 0 and G 2 are the effective strengths of monopole and quadrupole pairing interactions, respectively.
In the PNC-CSM calculation, h 0 (ω) = h Nil − ωj x is diagonalized firstly to obtain the cranked Nilsson orbitals (see Figure 1) . Then H CSM is diagonalized in a sufficiently large Cranked Many-Particle Configuration (CMPC) space to obtain the yrast and low-lying eigenstates. Instead of the usual single-particle level truncation in common shell-model calculations, a cranked many-particle configuration truncation (Fock space truncation) is adopted, which is crucial to make the PNC calculations for low-lying excited states both workable and sufficiently accurate [72] . The eigenstate of H CSM is expressed as:
where |i is a cranked many-particle configuration (an occupation of particles in the cranked Nilsson orbitals) and C i is the corresponding probability amplitude.
The angular momentum alignment J x of the state |ψ is given by
The kinematic moment of inertia (MOI) is J (1) = ψ| J x |ψ /ω, and the dynamical moment of inertia is
III. PARAMETERS
The deformations are input parameters in the PNC-CSM calculations. Normally the quadrupole deformation parameter ε 2 is chosen to be consistent with the value deduced by experiment. In the transfermium nuclei mass region there are only a few experimental reports of the quadrupole deformation, namely β 2 = 0.27 ± 0.02 for 254 No in refs. [43, 44] , Table   II of ref. [24] . It has been noted that β 6 deformation can be significant [22, 74] and can have a measurable effect on the structure of the nuclei in this mass region [21, 67] . We include ε 6 = 0.02 in the present calculations, which is closed to the value in configuration-constrained potential-energy-surface (PES) calculation in ref. [22] .
The new set of Nilsson parameters (κ, µ), which optimized to reproduce the experimental level schemes for the transfermium nuclei in refs. [23, 24] are used in this work. The values of proton κ 5 , µ 5 are modified slightly to reproduce the correct single-particle level sequence when ε 6 is included. In addition to the optimized (κ, µ) in refs. [23, 24] , proton κ 7 = 0.057 and µ 7 = 0.654 are adopted in this work.
The effective pairing strengths G 0 and G 2 can be determined by the odd-even differences in nuclear binding energies. They are connected with the dimension of the truncated CMPC MeV (see Figure 1 ). In the PNC-CSM calculations, the cranked many-particle configuration spaces are adopted. The truncated configurations are adjusted according to the variation of the single particle levels with rotational frequency. This enables one to study the effect of the high−j intruder orbitals varying with rotational frequency even though these high-j orbitals are absent at the low rotational frequency [47] . 
As shown in Figure 3 , the signature splitting of J As for K π = 1/2 − band, due to the decoupling term, the α = −1/2 signature band is pushed up in energy and only one signature-partner (α = +1/2) band is observed in experiment. As is shown in Figure 3 To analyze further by the occupation probability (see Figure 6 ), the blocking of 1/2
keeps pure (n µ ≈ 1) at the whole calculated rotational frequency region for α = +1/2 band whereas band-crossings occur at ω > 0. faster than its α = +1/2 partner orbital (see Figure 1 ), all the band-crossing frequencies for the α = −1/2 bands are lower than that for its α = +1/2 partner bands. The general trend shown in Figure 7 is a larger deformation leads to a lower band-crossing frequency. 
